Rats received an intravenous injection of 50 or 75 mg of streptozotocin per kilogram body weight after a 1 Z-h fast and were sacrificed 2 l-35 days later. Venous blood was obtained in nonfasted rats at approximately 9 A. M., and blood glucose values were measured by the glucose oxidase method (Dextrostick and Reflectance Meter, Ames Co., Elkhart, Ind.). All diabetic rats had terminal blood glucose concentrations above 400 mg/lOO ml, whereas control rats had values of 98 =t 3 (mean &SE). Diabetic rats gained significantly less weight having initial weights of 182 rfr 5 g and terminal weights of 227 =t 7 g (mean =t SE, n = 34) compared to initial, 180 & 5 g, and terminal weights of 308 =t 10 (n = 33, P < 0.001) for control rats. Diabetic rats also had significant mucosal hypertrophy with mucosal weights of 51 =t: 1.2 mg/cm jejunum ( n = 34, P vs. control, < 0.001).
Sacrzjke procedures. Animals were killed by cervical fracture, blood was obtained for glucose measurements, the abdomen was opened, and jejunal mucosa was obtained as previously described (7). The jejunal segment from 15-3p cm beyond the pylorus was used for enzyme measurements, and the 15-to 60-cm segment was used for glycolytic studies. All tissue preparations were carried out at 4 "C. En<yme measurements. Jejunal mucosa was homogenized (7) and the activities of hexokinase (6), phosphofructokinase (1 Z), pyruvate kinase (lo), Glc-6-P dehydrogenase (13), and fructose diphosphatase (23) were measured in the 105,000-g supernatant fraction by previously described spectrophotometric methods. Specific glucose-6-phosphatase was measured in the 500-g supernatant fraction (4). Pyruvate carboxylase activity was measured in the 105,000-g total pellet (1). Phosphoenolpyruvate (PEP) carboxykinase activity was assayed in the 105,000-g supernatant and pellet fractions (l), and total activity represents the sum of these two fractions.
GZycoZytz'c studies. Jejunal mucosa was suspended in 5 vol of buffer containing 50 mM Tris chloride, 100 mM KCl, 1 mM EDTA, 5 mM MgC12, and 5 mM mercaptoethanol at pH 7.5. The tissue was gently homogenized in a KontesDual1 homogenizer by two strokes with a Teflon pestle and incubation was started immediately. The incubation media was modified from that previously described (11, 2 1). Incubations were performed for 30 min, unless otherwise indicated, in a shaking water bath in 10 x 75 mm tubes exposed to room air at 37 "C; 1 ml of incubation media contained 200 ~1 of homogenate, 40 mM NaBHPO 4 , 10 mM nicotinamide, 5 mM ATP, 1 mM NAD, 16 mM MgCl2 , and 10 mM glucose at pH 7.0. The reaction was stopped at 0 min and at termination of incubation by the addition of 0.5 ml of 10 % trichloracetic acid. Tubes were centrifuged at 4 "C for 15 min at 1,000 g, and an aliquot of the supernatant was then neutralized with 0.1 ml of phosphate buffer, pH 7.0. Glucose was determined by the glucose oxidase method using phosphate-buffered Glucostat reagent (Worthington Biochemical
Corp., Freehold, N. J. 
RESULTS
Glycolytic enzyme activities in diabetic and fasted rats. Streptozotocin-diabetes was associated with significant increases in jejunal activities of hexokinase and Glc-6-P dehydrogenase and a slight increase in pyruvate kinase (Table 1) . When gut phosphofructokinase was measured using Tris chloridecontaining homogenizing and assay media, we obtained low levels of activity which were similar to values previously reported (22) for rat jejunal mucosa using similar conditions. However, when activity was assayed in Tris sulfate-containing media with NH 4+ (12), we obtained values which were ZO-fold higher and which, we feel, accurately reflect the activity of phosphofructokinase in jejunal mucosa of this species of rats (Table 1) . Values for this enzyme were similar in jejunal mucosa of diabetic and control rats. In fasted rats, however, the activities of all of these glycolytic enzymes were significantly lower than control values. Gluconeogenic enzyme activities in diabetic and fasted rats. When jejunal enzyme activities were compared with values in liver 'of the same rats, specific glucose-6-phosphatase activity of gut was 21 * 2% (n = 13) of hepatic activity, fructose diphosphatase activity of gut was 12 rt 1 % (n = 16), and total PEP carboxykinase activity of gut was 13 zt 1 % (n = 17), whereas total or particulate pyruvate carboxylase activity of gut was only 1.5 =t 0.1 % (n = 13) of hepatic activity. The diabetic state (Table 1) to 800 ~1 of assay media provided maximal rates of glycolysis. A substrate concentration of 10 mM glucose was used to provide optimal sensitivity for determination of glucose utilization rates. Glucose concentrations of20mM
(11) or 25 mM (21) have been used previously to measure lactate production rates, and we observed slightly higher rates of lactate production with higher glucose concentrations.
In one experiment, values for lactate production were 108 % with 25 mM glucose, 119 % with 50 mM glucose, and 112 % with 100 mM glucose when compared with values for the same homogenate using 10 mM glucose.
Lactate production in jejunal homogenates was consistently linear over a 30-min period with a gradual reduction in lactate produced per minute as incubation was continued for 90 min (Fig. 1) . When glucose utilization was measured at 5-min intervals, glucose ut.ilization was consistently linear over a 15-or ZO-min period, but, as noted in Fig. 1, a gradual reduction in the rate per minute was noted at subsequent times. In most experiments, an incubation time of 30 min was used. Although this incubation period provided a slight underestimation of glucose utilization rates, it allowed more accurate measurements of endogenous rates of glucose used and lactate produced.
Glycolytic rates in diabetic and fasted rats. Diabetes was accompanied by a number of significant alterations in jejunal mucosa. The glucose content of jejunal mucosa in control rats was negligible, and glucose utilization, as a result, was unmeasurable (Table  2 ). In the diabetic, however, the glucose content was 60-fold higher, and virtually all of this glucose was used during the 30-min incubation period. The lactate content and the rate of endogenous lactate production were also significantly increased in diabetic rats. The increased glucose content of diabetic jejunum, however, could only account for 0.37 ,umol of lactate produced per minute per gram mucosal wet weight. Glucose utilization and lactate production in the presence of added substrate were also significantly increased in diabetic gut when expressed per gram mucosa ( Table 2 ). Because of the higher protein content in diabetic gut, glycolytic rates expressed per milligram protein were not significantly higher than control values; glucose production was 7 % higher and lactate production was 15 % higher. In three diabetic rats the rates of glucose utilization and lactate production at 15, 30, 45, 60, and 90 min were slightly higher than values for con-L trol rats (Fig. 1) This value was less than half the observed rate of endogenous lactate production (Table 2) . Although jejunal glycogen content is increased in the diabetic rat (3), glycogenolysis could account for, at most, 0.3 1 pmol lactate produced per minute per gram mucosa or less than onethird the observed rate.
DISCUSSION
Intestinal mucosa has a high rate of glycol ysis, and the rates of lactate production in jejunal mucosa that we observed are higher than such active glycolytic tissues as heart, brain, and resting skeletal muscle studied under similar in glycolysis in cat intestinal mucosa. The role of particulate-bound hexokinase in gut glycolysis and also the importance of glycolysis in meeting energy requirements for the gut need to be further clarified.
Energy requirements may be increased in the gut of diabetic animals as a result of the increased active transport of carbohydrates, amino acids, and sodium (8, 17-19). Previous studies (7, 9, 24) , which demonstrated an increase in the activities of various glycolytic enzymes, suggested that gut glycolysis was increased in diabetic animals. Our present studies demonstrate an increase in glycolysis in diabetic gut and are consistent with the observations (14) that C1402 production from glucose is increased in diabetic gut. These studies provide support for the hypothesis that an increase in gut glycolysis may provide energy for the increased transport functions observed in diabetic gut.
Our present studies also demonstrate that the adaptive response of jejunal mucosa to diabetes is clearly different from the response to fasting. Diabetes is accompanied by sig-
